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AN  IMESTIGATION  OF  SOI^IE  ISOMERS  OF 
3,5-  NIIOEO  -4-  (4»-  ITilTHOXY  PHENOXY) 
NITROBENZENE  AIED  A  FEW  DERIVATIVES  OF  EACH 

The  s-ahject  of  this  investigation  was  suggested  hy 
the  synthesis  of  thyroxine  by  C.  R.  Harington  and  G. 
Barger^ . 

In  their  synthesis,  hydroguinone  monomethyl  ether 
was  used  together  with  3,  4,  5  triiodo  nitrobenzene. 

This  prompted  the  idea  that  the  tv/o  isomers  of  the  for¬ 
mer  substance  namely  guaiacol  and  resorcinol  raonomethyl 
ether,  might  likewise  be  linked  with  the  triiodo  nitro¬ 
benzene.  It  was  further  anticipated  that  the  substances 
thus  produced  would  undergo  similar  reactions  to  those 
found  in  the  synthesis  of  thyroxine  and,  eventually, 
two  isomers  of  thyroxine  would  result. 

Of  course  it  must  be  realized  that  this  would  be 
an  extensive  field  of  investigation  and,  therefore,  it 
was  found  necessary  to  limit  the  field  for  this  report. 
It  was  decided  to  prepare  3,5-  diiodo  -4-  (2^-methoxy 
phenoxy)  nitrobenzene  and  3,  5  -  diiodo  -4-  (3^-methoxy 
phenoxy)  nitrobenzene;  to  reduce  these  to  the 


1.  C.  R.  Harington  and  G.  Barger,  Biochem.  J.  2^ 
169  (1927) . 
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corresponding  amines  and  then  form  the  hydrochloride, 
the  acetyl  and  the  benzoyl  derivatives  of  the  amines. 

This  is,  then,  a  report  of  the  investigation  completed 
to  this  stage. 

The  most  convenient  starting  point  for  the  problem 
was  the  preparation  of  3 ,  5  -  diiodo  para  nitroaniline . 
The  amino  group  in  this  compound  lends  itself  to  diazo- 
tization  and  later  substitution  by  an  iodine  atom  which, 
owing  to  the  para  nitro  group,  is  comparatively  active. 
The  compound  was  obtained  by  an  adaptation  of  the  method 
of  Y/illgerodt  and  Arnold^.  P  -  nitroaniline  is  dissolved 
in  acetic  acid  and  treated  with  iodine  chloride 


-4- 


For  the  preparation  of  3,  4,  5  triiodo  nitrobenzene 
an  adaptation  of  the  method  of  Harington  and  Barger^  was 
found  necessary.  These  men  dissolved  the  3,5-  diiodo- 
p  -  nitroaniline  in  concentrated  sulphuric  acid,  diazo- 
tized  by  means  of  sodium  nitrite,  and  substituted  iodine 


2.  Willgerodt  and  Arnold,  Ber.,  3344  (1901). 
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by  means  of  potassium  iodide.  It  was  found  that  at  the 
temperature  used  5  -  10°,  that  the  concentrated  acid  did 
not  have  sufficient  action  in  liberating  nitrous  acid. 
Better  results  were  obtained  by  diluting  the  sulphuric 
acid  to  such  a  point  that  the  3,5-  diiodo  -  p  -  nitro- 
aniline  just  remained  in  solution.  The  reaction  then 
was :  - 
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The  linkage  of  the  3,4,  5  triiodo  nitrobenzene 
with  gnaiacol  monomethyl  ether  or  resorcinol  monoraethyl 
ether  depends  on  the  activity  of  the  iodine  atom  in 
para  position  to  the  nitro  group.  One  fact  to  be  borne 
in  mind  here,  is  the  danger  of  replacing  this  iodine  by 
an  hydroxyl  group  unless  care  is  taken  that  the  condi¬ 
tions  of  the  experiment  are  anhydrous. 

Both  ethers  were  linked  to  the  3,4,  5  triiodo 
I  nitrobenzene  in  accordance  with  the  method  of  Harington 
I  and  Barger.^  The  ether  and  benzene  derivative  were  dis¬ 
solved  in  boiling  ethyl  methyl  ketone  and  refluxed  for 
some  time  in  the  presence  of  anhydrous  potassium  carbon¬ 
ate.  In  the  case  of  guaiacol  the  resulting  product  is 
3,  5  -  diiodo  -  4  -  (2’  -  raethoxy  phenoxy)  nitrobenzene; 

I  with  resorcinol  monomethyl  ether  the  product  is  3,  5  - 

i 

I diiodo  -  4  -  (3^  -  methoxy  phenoxy)  nitrobenzene. 

The  yield  obtained  in  each  of  the  above  eases  tend¬ 
ed  to  suggest  the  possibility  of  steric  hindrance.  In 
repeated  preparations  of  these  substances,  only  about 
j  one  third  the  yield  of  the  guaiacol  compound  was  obtain- 
!ed,  compared  to  that  produced  when  Harington  and  Barger^ 
used  hydropuinone  monomethyl  ether  in  their  synthesis  of 
thjj^roxine .  This  was  using  the  same  time  or  even  longer 
in  some  cases  in  the  refluxing.  Comparing  similarly  the 
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yield  of  3,  5  ~  diiodo  -  4  -  (3^  -  methoxy  phenoxy) 
nitrobenzene  with  their  3,  5  -  diiodo  -  4  -  (4*  -  meth- 
oxy  phenoxy)  nitrobenzene,  the  ratio  of  the  yields  was 
fonnd  to  be  approximately  one  to  tv;o. 

An  effort  was  made  to  increase  the  yield  through 

i 

I  the  use  of  one  g.  of  copper  as  a  catalyst,  an  adaptation 

i 

I  of  the  Ullmann  reaction.  The  yield  V'/as  even  further  de- 

I 

1 

! creased . 

i 

I  The  reaction  for  this  step  in  the  problem  is,  in 

I  case  of  guaiacol  and  3,  4,  5  triiodo  nitrobenzene : - 

i 

i 


’  Similarly  the  product  in  the  case  of  resorcinol 

I  monomethyl  ether  is:- 


2HI  f  KgCOs 
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For  the  reduction  of  these  nitro  compounds  the  meth 
od  of  Harington  and  Barger^  was  follov-/ed  again.  This 
consists  in  dissolving  the  nitro  compound  in  glacial 
acetic  acid  and  the  use  of  stannous  chloride  and  hydro¬ 
gen  chloride  as  the  reducing  agent.  The  amine  was  lib¬ 
erated  by  means  of  sodium  hydroxide  and  extracted  with 
ether . 

Some  care  was  necessary  in  this  last  stage.  Both 
amines  were  found  to  oxidize  readily  in  the  air  produc¬ 
ing  a  somewhat  brown  colored  extract  in  case  of  3 ,  5  - 
diiodb  -  4  -  (2’  -  methoxy  phenoxy)  aniline  and  a  pale 
blue  colored  one  for  the  3,5-  diiodo  -  4  -  (3^  -  meth 
oxy  phenoxy)  aniline.  Needless  to  say  the  yield  is 
likely  to  be  decreased  here,  slightly,  through  this 
difficulty. 

Another  interesting  fact  was  the  noticeable  differ 
ence  in  the  solubilities  of  the  amines  in  the  ether;  3, 
5  -  diiodo  -  4  -  (3^  -  methoxy  phenoxy)  aniline  was 
found  much  more  soluble. 

Then,  if  R  represents  the  group :- 


X 


the  reactions  here  are : - 

1.  3SnCl2  +  6HC1  +  RNO2  3SnCl4  +  RNH2  +  3H20 
:  2,  RNH2  +  SnCl4  +  2HC1  (RHH3)2SnGl5 
I  3.  (RNH3)2SnCl5  +  8NaOH  — ^  2Em2  +  6UaCl  +  5H2O  + 
NagSnOg • 

Similar  reactions  take  place  with  the  other  amine, 
j  the  final  products  being  in  each  case;- 


I 


The  formation  of  the  hydrochloride  of  these  amines 
was  a  comparatively  simple  matter.  Dry  hydrogen  chlor- 

i  ide  was  Introduced  into  the  dry  ethereal  solution  of  the 

!• 

i  amines  and  their  hydrochlorides  immediately  settled  out. 

'  However,  one  noticeable  difference  in  the  behavior 

i 

'  of  the  hydrochlorides  may  be  mentioned.  Whereas  the  3, 

j  5  -  diiodo  -  4  -  (2’  -  metho:cy  phenoxy)  aniline  formed 

I  as  a  grayish  white  solid,  the  other  hydrochloride  seemed 

I 

;  always  to  separate  out  in  the  form  of  a  greenish  gray 
syrup  which  solidified  after  the  ether  was  decanted  and 
the  syrup  was  stirred  vigorously. 
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The  equation  for  this  reaction,  using  5,5-  diiodo 


-4  -  (2^  -  methoxy  phenoxy)  aniline,  is:- 


The  product  with  the  other  amine  is:- 


An  effort  V'^as  made  to  form  the  acetyl  derivatives 
of  these  amines  using  acetyl  chloride  as  the  acetylat- 
ing  agent  with  the  amine  suspended  in  water.  This 
method  proved  unsatisfactory.  Much  better  results  were 
obtained  by  getting  the  amine  in  solution.  Fortunately 
acetic  anhydride  was  found  to  be  a  good  solvent  and 
acetylating  agent  at  the  same  time.  The  reaction  and 
products  are:- 
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The  benzoyl  derivatives  of  the  amines  offered  con¬ 
siderable  more  difficulty.  An  effort  was  made  to  use 
the  Schotten  and  Bauman  reaction  with  small  success. 
However,  when  5,  5  -  diiodo  -  4  -  (2^  -  methoxy  phenoxy) 
aniline  was  dissolved  in  benzoyl  chloride,  kept  near 
boiling  for  sometime,  and  excess  of  the  latter  removed 
by  standing  in  sodium  hydroxide  solution  overnight,  a 
solid  product  was  obtained  which  could  be  readily  puri¬ 
fied  . 

On  endeavoring  to  repea^t  this  procedure  with  3,5- 
diiodo  -  4  -  (3^  -  methoxy  phenoxy)  aniline  great  diffi¬ 
culty  was  encountered.  The  product,  even  on  repeated 
recrystallization,  was  still  impure.  But  when  this  amine 
v;as  suspended  in  water,  sodium  hydroxide  added,  then 
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Again  the  reaction  and  products  are : - 


and ; 


experil:ental  part 

Preparation  of  5 ,  5-  Piiodo-Para-Hitroaniline « -  50 
g.  para  nitroaniline  were  dissolved  in  500  ce.  of  glacial 
acetic  acid  and  heated  to  a  temperature  of  60-80®. 

Iodine  monochloride  (4  mols . )  dissolved  in  EOO  cc.  of 
glacial  acetic  acid,  heated  to  50^,  was  added.  The  mix¬ 
ture  was  heated  on  a  v/ater  bath  for  two  hours,  allov/ed 
to  cool,  filtered  and  v/ashed  v/ith  glacial  acetic.  The 
iyellow  crystalline  product  melted  at  least  four  degrees, 
ihigher  than  that  obtained  when  Willgerodt  and  Arnold *s^ 
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method  was  followed  rigidly.  It  needed  no  further  puri¬ 
fication.  The  use  of  an  excess  of  iodine  chloride  is  to 
be  found  in  the  method  of  Kalb,  Schweizer,  Zellner  and 
Berthold.^  There  was  a  yield  of  80-859'^  of  yellow  crys¬ 
tals  melting  at  243-244^. 

Preparation  of  3,  4,  5  Triiodo  Nitrobenzene .  - 
75  g.  of  3,  5  -  diiodo  -p-  nitroaniline  were  dissolved 
in  450  cc.  of  concentrated  sulphuric  acid  and  135-140 
cc.  of  water  added  gradually.  34  g.  (2.5  mols . )  of 
sodium  nitrite  were  slowly  added  to  this  solution  with 
constant  stirring  while  the  temperature  was  kept  at 
5-10°.  The  mixture  was  stirred  for  three  to  four  hours. 
At  the  end  of  this  period  the  reaction  mixture  was  pour¬ 
ed  on  ice.  160  g.  (5  mols.)  of  potassium  iodide  were 
added  with  stirring.  This  mixture  was  then  heated  on  a 
water  bath  until  gas  ceased  to  evolve.  Sodium  bisulph¬ 
ite  was  added  to  remove  excess  iodine.  The  light  brown 
granular  precipitate  was  filtered,  washed  with  water, 
dried  and  recrystallized  from  acetone.  The  light  yellow 
crystalline  product  melted  at  165°,  giving  a  yield  of 
pure  product,  74^  of  theoretical. 


3.  Kalb,  Schweizer,  Zellner  and  Berthold,  Ber.,  59 , 
1869  (1926). 
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Preparation  of  5 ,  5  -  Piiodo  -  4  -  (2^~  Methoxy 
Phenoxy)  Nitrobenzene.  -  According  to  Harington  and 
Barger^  certain  precautions  in  their  preparation  must 
be  observed.  If  molecular  proportions  were  used,  a 
good  deal  of  unchanged  triiodo  nitrobenzene,  difficult 
to  remove,  resulted,  and  therefore,  twice  the  theoret¬ 
ical  amount  of  the  phenol  and  potassium  carbonate  were 
used.  A  further  precaution  was  taken  to  have  the  methyl 
ethyl  ketone  and  the  carbonate  dry  and  the  latter  finely 
powdered . 

50  g.  of  triiodo  nitrobenzene  and  25  g.  of  guaiacol 
were  dissolved  in  250  cc.  of  boiling  methyl  ethyl  ketone; 
30  g.  of  finely  powdered  potassium  carbonate  were  added 
and  the  solution  refluxed  for  thirty  two  hours.  Water 
was  added  and  the  solution  made  acidic  with  acetic  acid. 
The  excess  of  methyl  ethyl  ketone  and  guaiacol  were  re¬ 
moved  by  steam  distillation.  The  solid  residue  was 
washed  with  sodium  hydroxide  solution  and  then  recryst¬ 
allized  from  acetone  or  glacial  acetic  acid.  There  re¬ 
sulted  a  light  grey  crystalline  product,  melting  at 
149-150°  (corr.)  giving  a  yield  of  10-12  g.  or  24fo  of 
theoretical. 

Anal.  Calcd.  for  I,  51.1.  Found:  I, 
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Preparation  of  3 ,  5  -  Dliodo  -  4  -  (3’  -  Methoxy 
Phenoxy)  Nitrobenzene.  -  This  was  prepared  the  same  as 
3,5-  diiodo  -  4  -  (2’  -  methoxy  phenoxy)  nitrobenzene 
with  the  exception  that  25  of  resorcinol  monomethyl 
ether  was  used  in  place  of  guaiacol.  There  resulted 
15-18  g.  (as  a  rule)  of  a  yellow  crystalline  product 
melting  at  139-140°  (corr.).  This  represents  a  yield 
of  30-36^  theoretical. 

One  might  mention  that  on  one  occasion  when  double 
quantities  were  used  a  yield  of  54fo  of  theoretical  was 
obtained . 

Anal.  Calcd.  for  :  I,  51.1.  Found:  I, 

51.1,  51.3. 

Preparation  of  3,  5  -  Piiodo  -  4  -  (2^  -  Methoxy 
Phenoxy)  Aniline.  -  25  g.  of  3 ,  5  -  diiodo  -  4  -  (2^  - 
methoxy  phenoxy)  nitrobenzene  were  dissolved  in  125  cc. 
of  glacial  acetic  acid;  40  g.  of  powdered  stannous 
chloride  were  added  and  a  rapid  stream  of  dry  hydrogen 
chloride  passed  into  the  solution  which  was  kept  hot. 
After  a  time  the  stannichloride  of  the  base  began  to 
separate.  YJhen  the  precipitate  no  longer  increased  in 
amount  and  the  solution  was  saturated  with  hydrochloric 
acid  (If  hrs . )  it  was  allov/ed  to  cool.  The  crystalline 
stannichloride  was  then  filtered  off,  w^ashed  v/ith 
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glacial  acetic,  and  decomposed,  as  rapidly  as  possible, 
by  grinding  v;ith  250  cc.  of  40fo  sodium  hydroxide  sol¬ 
ution.  The  base  was  immediately  extracted  with  ether 
and  dried  over  anhydrous  sodium  sulphate. 

The  free  base  was  obtained  pure  by  evaporating  the 
dried  ethereal  solution  and  recrystallizing  the  residue 
from  benzene  and  petroleum  ether  and  then  from  benzene. 
The  light  colored  crystalline  product  melted  at  178-9*^ 

( corr . ) 

Anal.  Calcd.  for  :  I,  54.4.  Found: 

I,  54.3,  54.7. 

Preparation  of  3,  5  -  Diiodo  -  4  -  (3^  -  Methoxy 

Phenoxy)  Aniline.  -  This  was  obtained  in  the  same 
manner  as  the  above  amine  from  3,  5  -  diiodo  -  4  -  (3^- 
methoxy  phenoxy)  nitrobenzene.  The  crystalline  product 
was  light  pinh  in  color  melting  at  124-5^  (corr.). 

Anal.  Calcd.  for  :  I,  54.4.  Found: 

I,  54.3,  54.2. 

Preparation  of  the  Hydrochloride  of  3 ,  5  -  Piiodo- 
4  -  (2^  -  Methoxy  Phenoxy)  Aniline.  -  Into  the  dried 
ethereal  solution  of  the  amine  dry  hydrogen  chloride 
v/as  passed.  Imm.ediately  the  hydrochloride  separated 
out.  It  was  greyish  white  in  color  and  melted  v/ith 
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decomposition  at  236-7°  (corn.) 

The  hydrochloride  was  analysed  by  a  volumetric 
method.  A  known  w'eight  was  suspended  in  100  cc. 
neutral  alcohol  and  titrated  with  standard  sodium 
hydroxide  solution  ( COg  free)  with  phenolphthalein  as 
indicator.  The  results  were  a  little  low  owing  to  the 
fact  that  the  compound  to  be  analysed  oxidizes  readily 
and  makes  the  end  point  somev;hat  difficult  to  determine 

Anal.  Subs.,  2.1093,  0.5970:  35.5,  10  cc.  of 

0.1163  N.NaOH.  Calcd.  for  C, ,  O^NI^ . HCl :  HCl,  7.24, 

13  11  2  2 

Found:  HCl,  7.14,  7.08. 

Preparation  of  the  Hydrochloride  of  3,  5  ~  Piiodo- 

4  -  ( 3  ^ _ -  Methoxy  Phenoxy)  Aniline.  -  This  was  also 

prepared  similarly  to  the  previous  hydrochloride.  The 
product,  as  mentioned  before,  separates  in  the  form  of 
a  light  green  syrup  which  solidifies  on  decantation  of 
ether  and  stirring.  The  solid  product  is  darker  in 
color  than  the  previous  hydrochloride.  It  also  melts 
with  decomposition  at  132-4^  (corr.). 

Analysed-  in  the  same  way  it  gave  high  results  ow¬ 
ing  to  an  even  greater  masking  of  the  end  point. 

Anal.  Subs.,  0.5850,  0.6688:  10.1,  11.65  cc.  of 

0.1163  N.NaOH.  Calcd.  for  Ci;5H^^0gNIg .  HCl :  HCl,  7.24, 
Found:  HCl,  7.32,  7.37. 
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Preparation  of  5,  5  -  Diiodo  -  4  -(2^  -  Methoxy 

Phenoxy)  Acetanilide.  -  About  1  g.  is  dissolved  in 
10-15  cc.  of  acetic  anhydride  heated  to  boiling  and 
kept  near  that  temperature  for  three  quarters  of  an 
hour.  On  cooling,  the  acetyl  derivative  separates  out. 
The  excess  acetic  anhydride  is  decomposed  by  the  addi¬ 
tion  of  water  and  boiling.  The  pure  substance  is  ob¬ 
tained  by  recrystallization  from  glacial  acetic  acid. 

It  is  crystalline  and  almost  white  in  color,  melting 
at  227-8^  ( corr . ) . 

Anal.  Calcd.  for  I,  49.9.  Found: 

I,  49.8,  49.7. 

Preparation  of  5,  5  -  Piiodo  -  4  -(5^  -  Methoxy 
Phenoxy)  Acetanilide.  -  This  is  by  a  similar  method  to 
the  above.  The  product  is  recrystallized  from  dilute 
acetic  acid.  It  is  white  in  color  and  melts  at  177-8^ 

( corr . ) . 

Anal.  Calcd.  for  1^1  :  I,  49.9.  Found: 

15  13  3  2 

I,  49.7,  50.2. 

Preparation  of  the  Benzoyl  Derivative  of  3 ,  5  - 
Piiodo  -  4  -(2^  -  Methoxy  Phenoxy)  Amine.  -  About  1  g. 
of  3 ,  5  -  diiodo  -  4  -(2^-  methoxy  phenoxy)  aniline  was 
dissolved  in  approximately  10  cc.  of  benzoyl  chloride. 
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The  solution  was  heated  to  boiling  and  kept  near  that 
temperature  for  three  quarters  of  an  hour.  Sodium 
hydroxide  solution  (cone.)  was  added  and  the  syrup 
left  standing  in  this  overnight  when  it  solidified. 

The  solid  was  recrystallized  from  alcohol  giving  white 
crystals,  melting  at  239-40°  (corr.). 

Anal.  Calcd.  for  :  I,  44.4.  Found: 

I,  44.4,  44.6. 

Preparation  of  the  Benzoyl  Derivative  of  3,  5  - 
Piiodo  -  4  -(3^  -  Methoxy  Phenoxy)  Amine.  -  Approxim¬ 
ately  1  g.  of  the  corresponding  amine  v;as  suspended  in 
20  cc.  of  water  and  a  little  dilute  sodium  hydroxide 
solution  added.  About  5  cc.  of  benzoyl  chloride  was 
poured  into  the  suspension.  Alternate  application  of 
heat,  sodium  hydroxide  solution  and  benzoyl  chloride 
produced  a  syrup  which,  on  standing  in  alkali  overnight, 
solidified.  The  solid  must  be  broken  up  owing  to 
occluded  benzoyl  chloride.  The  product  recrystallized 
from  alcohol  gave  pure  white  crystals,  melting  at  201-2^ 
( corr . ) . 

Anal.  Calcd.  for  :  I,  44.4.  Found: 


I,  43.9. 
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SUIvmRY 

The  follov/ing  compounds  have  been  prepared  and 
studied:  3,5-  diiodo  -4-  (2^-  methoxy  phenoxy) 

nitrobenzene;  3,  5  -  diiodo  -4-  (2’-  methoxy  phenoxy) 
aniline;  3,  5  -  diiodo  -4-  (2^-  methoxy  phenoxy) 
aniline  hydrochloride;  3,  5  -  diiodo  -4-  (2*-  methoxy 
phenoxy)  acetanilide;  and  the  benzoyl  derivative  of  3, 

5  -  diiodo  -4-  (2*-  methoxy  phenoxy)  amine. 

A  second  group  has  likewise  been  prepared:  3,  5- 
diiodo  -4-  (3^-  methoxy  phenoxy)  nitrobenzene;  3,  5  - 
diiodo  -4-  (3’-  methoxy  phenoxy)  aniline;  3,  5  -  diiodo 
-4-  (3^-  methoxy  phenoxy)  acetanilide;  and  finally,  the 
benzoyl  derivative  of  3,  5  -  diiodo  -4-  (3’-  methoxy 
phenoxy)  amine. 

In  conclusion,  the  author  wishes  to  express  his 
gratitude  to  Dr.  R.  B.  Sandin,  for  his  helpful 
suggestions  and  assistance  with  this  problem. 
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